A polyclonal antibody was raised against a proteoglycan fraction purified from extracts of isolated rat renal glomeruli. The antibody was characterized by column chromatography and by NaDodSO4/PAGE analysis of immunoprecipitates and was shown to recognize specifically the core protein of a population of heparan sulfate proteoglycans (Mr 130,000) found in the glomerular basement membrane and in other renal basement membranes. The antibody was used to localize the core proteins of this population of heparan sulfate proteoglycans (HSPG) in the glomerulus by immunoelectron microscopic techniques. These HSPG were found to be concentrated in the lamina rarae interna and externa of the glomerular basement membrane (GBM) and precursor forms were detected in the endoplasmic reticulum and Golgi cisternae of glomerular visceral epithelial cells (podocytes).
Heparan sulfate proteoglycans (HSPG) are now recognized to be widely distributed if not ubiquitous components of basement membranes (basal laminae) (1, 2) . They were originally discovered in the glomerular basement membrane (GBM) (3, 4) , where they represent important structural components required for the maintenance of its selective permeability properties (5, 6) . Previous work from this laboratory (7) established that HSPG isolated from the rat GBM are relatively small (mean Mr 130,000) and possess approximately four heparan sulfate side chains (Mr 26,000). By cytochemical techniques the heparan sulfate side chains of the HSPG were found to be concentrated in regularly spaced 60-nm anionic sites in the inner and outermost layers (lamina rara interna and externa) of the GBM (3, 8) . The location of the core protein of these HSPG has not been resolved because to date no specific antibodies have been generated against HSPG from the GBM, and immunocytochemical studies utilizing antibodies raised against HSPG derived from other basement membrane sources have provided conflicting evidence on the localization of HSPG in the GBM (9, 10) . HSPG from various sources, including different sources of basement membranes (11) (12) (13) , are known to differ in their physical properties (size and buoyant density) but little is known concerning the comparative composition of their protein cores. Some antigenic diversity is suggested by our recent immunocytochemical finding (14) that an antibody raised against HSPG isolated from liver membranes stains the hepatocyte cell membrane but does not stain basement membranes from the liver, kidney, or other tissues.
The availability of antibodies that recognize the population of HSPG isolated from the GBM would greatly facilitate both the localization and the further characterization of these important glomerular components. In the study report (totaling 5 mCi) in 120-g rats over a 12-hr period (15) .
Isolation of Glomerular Proteoglycans. Glomeruli were isolated from the radiolabeled kidneys (7) and extracted in 10 vol of 4 M guanidine HCI (pH 6.0) containing 0.5% Chaps and protease inhibitors (1 mM PMSF/10 mM N-ethylmaleimide/10 mM EDTA/10 mM 6-aminohexanoic acid/5 mM benzamidine-HCI) for 16 hr at 4°C with shaking. The unextracted residue was pelleted by centrifugation (1000 x g for 10 min) and proteoglycans were purified according to Yanagishita and Hascall (16) by passing the clarified extract over a Sephadex G-50 column, elution with 8 M urea/50 mM sodium acetate/0.15 M NaCl, pH 6, followed by application of the excluded volume onto a DEAE-Sephacel column and elution with a continuous NaCl gradient (0. 15-1.5 M). Fractions corresponding to the peaks of radioactivity that eluted in the starting buffer (peak 1) and at 0.45-1.0 M NaCl (peak 2) were collected, dialyzed overnight against PNaCl and stored at -20°C. Previous studies have shown that proteoglycans extracted from rat glomeruli are eluted from DEAESephacel at >0.45 M NaCl (17 NaDodSO4/PAGE. Electrophoresis of aliquots (=20,000 cpm) of the glomerular extracts, peaks 1 and 2 eluted from DEAE-Sephacel columns, and the immunoprecipitates was carried out on 5-10% gradient slab gels following a modification (19) (20) or with papain (30 pg/ml, 650C, 4 hr).
Column Chromatography. Proteoglycan fractions and immunoprecipitates were fractionated on Sepharose CL-4B columns eluted with 4 M guanidine.HCl/50 mM sodium acetate/1% Triton X-100.
Immunocytochemistry. Rat kidneys were fixed by perfusion with paraformaldehyde/lysine/periodate (21) . For indirect immunofluorescence by light microscopy, 0.5-p.m ultracryomicrotome sections were prepared (22 [35S] methionine biosynthetically labeled rat kidneys were separated by ion exchange chromatography, the radiolabeled macromolecules eluted as two peaks. The first peak (1) contained proteins and some sulfated glycoproteins, and the second peak (2), eluting at 0.45-1.0 M NaCl, contained sulfated proteoglycans (Fig. 1, Upper) . When [35S]sulfate-labeled proteoglycans (from peak 2) were further analyzed by molecular sieve chromatography on Sepharose CL-4B (Fig. 1, Lower) , they eluted as a single peak (distribution coefficient Kd = 0.47) that corresponded to a Mr of 130,000 based on chondroitin sulfate-peptide standards derived from cartilage proteoglycans (7) . Approximately 70% of the labeled proteoglycans was digested with heparitinase whereas only 30% was digested with chondroitinase ABC (Fig. 1) . These results are similar to those obtained previously with proteoglycans extracted from isolated rat GBM (7). Cell Biology: Stow et aL NaDodSO4/PAGE fluorography (Fig. 2, lanes A-C) , the initial guanidine HCl extract and the glycoprotein peak (peak 1) eluted from the DEAE-Sephacel column contained many labeled protein bands, whereas the proteoglycan peak (peak 2) localized at the interface of the stacking and resolving gels as is typical for proteoglycans (25) . immunoperoxidase, HSPG were detected in all renal basement membranes (Fig. 5 ). They were also regularly detected intracellularly (Fig. 6 ) in rough ER and Golgi cisternae of both visceral and parietal epithelial cells. The distribution of diaminobenzidine HCl reaction product within the GBM was variable. In specimens treated overnight (12-18 hr) in anti-HSPG (GBM) antiserum it was often seen throughout the GBM (Fig. 5) , but in those incubated for shorter periods (2-4 hr) it was more variable (26) and typically was more concentrated in the lamina rara interna (see Fig. 6 ).
When [ I S]methionine-labeled fractions were analyzed by
When HSPG were localized within the GBM on ultrathin frozen sections of rat kidney by an indirect immunogold procedure, gold particles were concentrated in the lamina rara interna and externa (Fig. 7) . Similarly, when anti-HSPG IgG was administered in vivo and localized in glomeruli by a direct immunoperoxidase procedure, it was detected in both laminae rarae giving the GBM a tram-track appearance (Fig.  8) . This binding pattern was seen as early as 3 min after antibody injection, the earliest time point examined, and was maintained up to 1 month (27) .
In preparations incubated with preimmune IgG, no staining was seen with any procedure. By contrast, in preparations incubated with an antibody raised against liver cell membrane HSPG (28) and stained by indirect immunoperoxidase, diaminobenzidine-HCl reaction product was found on the surfaces of glomerular epithelial and endothelial cells and on the basolateral membranes of tubule epithelia (14, 29) , but no reaction product was detected in the GBM or in other renal basement membranes.
DISCUSSION
In this study we have generated a polyclonal antibody that specifically recognizes the core protein of a population of HSPG (mean Mr 130,000) present in the GBM. The specificity of the anti-HSPG (GBM) antiserum for proteoglycans was demonstrated by the behavior of immunoprecipitates obtained from radiolabeled glomerular extracts by ion exchange and molecular sieve chromatography and by the fact that NaDodSO4/PAGE analysis of the immunoprecipitates revealed only bands characteristic for glomerular proteoglycans. That the proteoglycans recognized were (14) . We conclude (29) (26) of this approach for localizing antigens within the layers of the GBM. We believe that the more consistent, restricted localization of HSPG to the laminae rarae obtained by the direct immunoperoxidase and frozen thin-section techniques more accurately reflects the sites where the core proteins are concentrated; moreover, it corresponds to the site of localization of the heparan sulfate side chains as detected with cationic probes (3, 8) .
We also detected basement membrane HSPG in biosynthetic compartments (rough endoplasmic reticulum and Golgi cisternae) of visceral and parietal glomerular epithelial cells. The ability of the anti-HSPG (GBM) antiserum to recognize precursors in the rough endoplasmic reticulum provides additional evidence that this antibody recognizes the core protein or a very early glycosylated form (mannosylated) of these HSPG because, according to the evidence available, addition of glycosaminoglycan (GAG) moeities and their sulfation occur in the Golgi complex (30, 31) .
The glomerulus contains three resident cell populations, epithelial, endothelial, and mesangial, each of which is capable of synthesizing HSPG (32, 33) . The presence of immunodetectable HSPG in the visceral epithelium together with our autoradiographic findings (29) suggest that these cells play the predominant role in the synthesis of basement membrane HSPG.
Hassell et al. (11) have isolated a population of HSPG much larger in size (Mr 750,000) with much larger (Mr 70,000) GAG chains from the basement membrane-like matrix produced by the EHS sarcoma. Antibodies raised against these HSPG have been reported to stain the GBM (9) (10) (11) . More recently, Fujiwara et al. (12) have isolated two forms of HSPG from the same tumor, a low-density (Mr 450,000) and a high-density (Mr 130,000) form. By ELISA, the two showed overlapping immunoreactivity. The highdensity form is similar in overall size and in the size of its GAG chains to HSPG isolated from the GBM (7, 17) , but the precise relationship between the HSPG from the GBM and those from the EHS sarcoma remains to be determined.
In summary, we have raised a polyclonal antibody to glomerular proteoglycans that proved to be specific for the core protein of a population (Mr 130,000) of basement membrane-associated HSPG. We have localized the core protein of these HSPG by immunocytochemistry to the laminae rarae interna and externa of the GBM and to biosynthetic compartments of glomerular epithelial cells. It will be of interest to determine the biosynthetic and compositional relationship between these HSPG and other populations of HSPG associated with the extracellular matrix or with cell surfaces. 
